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(57) 

[Mi ****** 1 1 1 -vmtmmftMtm 

&£fK£J8t*T. xJ£**t/+JWSK*V III — V 
(b) . 1 4 feBftiwrfcy h«&£$B££ 

(c). $e>tc 77tyK«ift^»ca«wio 
(d) . J§m&ic¥«&Sffifc£*6 1 1 1 -vmtit 




1 

immi) 1 1 1 -vm^^x^^^ 

1 1 -vmt^wmmyr±v bm*j&&w*tf 
mt*&&mo>i i i-vmt^m 

%immt&3^ j pmmm#mtz 1 1 1 -vm 

1 1 -vmt^mmw^yr^v bw&z&$,v%& 
®&tm&m<»i i i-vmti&& 

* 1 1 1 -vmt^mmm^m. 

1 1 i-vm&fcmfttmKtmt3\ 
m*mmmo>mmtcGt* 1 1 1 -vm^ 
mmmm,btz^ 

lXtt2E«o I I I-VMM 

itfcmtnii^u 2xti3gB^0i i i-v 
r, tmyrty bffl&nmtf {1-101} mxtb 

T, *H5>f:/#lW<l l-2 0>*l«g*fctt<l- 
1 0 0>*(an?**iil€:«aiit6ll*fi4Eaoi 

1 i-vnt^w«m 

[S#SC7] fifffiSSll MgAl 2 O4 m» Si 
m ZnOm Si Cm LiGaG 2 Sfc 

ai 2 o 3 «s©v\-fn^io^e>j«Ra*u tWEi 

I I-VffitGmmmt. GaNlR. InGaNR 
AlGaNK, InNj& G a GaAs^f 

oa^^sne^fc^ii-rsfi^i Xtt 

2Xl±3Xti4E@©I I I -V^ffc^f^^^ 



(2) &W1 0-3 1 29 7 1 

2 

^T'feot, #W*J6BtoWttE#GaN, In 
GaN, iS£tMlGaN0}M>fc<fck2^(Btm 

t'77tv h«KS«r^b^e>^ufei 1 i-vm 
10 ft^f^^*^te>^I^i 1 1 -vM^fe 

ibi 1 i-vt^mmm^AK^jmyr^v 
bffl&f t mto&ttiTm8L&ttiLi ii-vm^w 

[S#3U 0) 1 1 i-vMs£#^#fc&?^* . 

«T'77t'V hiB^l/^&lftftUl I I-V 

20 I I -V» 

ts^rtai 1 1 -vmt^mmx^x. m& 

I I I -VSft^|j#^n< *:fct<Jf2g8t, 

itt^su 1) m&mkmz, tm8&m,\z&&t 
z 1 1 1 - vm£4^#^e*m*\ &svMi& 
30 ^m^mmmcmr^m^iii-vrnt 

*^fct6SS^9&*v^#£i ogasj&oi 1 1 

fc*W*ttJfa3S^K3&$*ifcG 
aN^^«^®^^-->^snt^^*mcJ: 

^frtfyrtvbmzmt&Wztft.&zik. m 

mffll 3] Ml 2fcE«aftfcGaN3ft¥«<* 

&i:**G a N^W«^!>^fi5tm 
imm 1 4 ] G a N^^^tft^BSt^WR^^ 

50 fu&t^G^^mnmMM^mt^ 



3 

mmi 5) ®mi4®&<?>m&Gamm<m 
g a n^hmmmmm^ tmGa^^mm 

±ICG a N^^^^^m^^l-^Xg^W 
& 

[SS#3U 7] SS#3U 2CfB^GaN#*g#ig|tf> 
j&fmm^ KflBGaN^^milCGaN^^^ 

£-t*n#%16. feSVMi^*^l 7|S®CDGaN^ 

[mm 1 9 ] StJlBG a N&&#i&WG a N£¥£ft 
U— tfT'&SZttimt+ZSf&m 8&S£(DGaN 

[g§#S2 0] 5t#3il 4&SVM;tfS#S(l 5»CfS@tf> 
G a N^MlllCG a N*^^W>SUg1&g# 

m^nrv^r h ^imat-reG a mxmmiM® 
a N^^mttcc a N&mftmwmmiw 

& VZtm&M&ZtlT^ZZttimttZGei 

mmZ2) fWBGaN*¥$f*ifcm x-jj^t- 
ummttJG a N*¥##$fc^T'fc*^*m 
i:^*S^2 0 fc*V*ttgf#3l2 1 g2®tf>G a 

[gf#3l2 3] ttrtaG a N##ftffcWG a N*¥£tt 
[SS#£24] SS#£l 2^V^i|g^l 3f2®tf>G 

**g a Niwi»§m 

[IS#3I2 5] 2lC§B^GaN&^#i&3 
J&fcDgK, ISflBGaNm^mhCGaN^^^ 
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4 

3 1 zmtt&G a N^«*wm 

[S&#£2 6] I^GeN^Mt ^Jl^r- 
affi&ZSVG a N^^^^W^T'^i i: 
fct*S&#E2 4 &6V>ttSS##2 5I2S0G a 

{^#^2 7 ] fiHiaC a N*$m^#G a N^^gfr 
U-¥?fcS3t£m£1-£!i#£2 6fS8(0GaN 

8) ff#Sf 1 4^V^H^1 5CiB®0> 
tfffiG a N*¥£#BU:K:G a N#^#^#7£JiS$ 

mm2 9 ] fi|:#g 1 4 KfBi&OttftaG a N*#£fc 
®±\ZG a N#^f^Jt><?&S3*U ItflBG a N** 

T^&ztzmttsGzm^mfr. 
mmz o) ma a Us^mmfiL #?j^t 
ammz^ttG a N&¥mfrfmi&T&& z £ zsm 

[«*«3 1 3 KfgaG a a N*¥$ft 

l/-ifTfc*r£&m£**iS#£3 OfSsgeDGaN 

[«E©S^fc8KJ8] 
[000 1] 

Mfc*£fci:ICI 1 1 -V^fk^^^SK&xtf 

xmnz 1 1 1 - vrntismmwrnzmz. w: 

[0 0 0 2] $^GaN^^(^&t;-e(^Bi^ 

tetcKu mm<&p*^GaNmwst±izm2 

[0003] 

[mo>8ffl 1 1 i-vjKfb^wflr^ mm 

{tXVVJ* (GaN) ^ »W3. 4eVi:^ 

[0004] 3©tm&ffiv^«3tx^^if^!"r* 

Tx/u^^f^-rs^i, mxmyrjr (ai 
2 o 3 ) muzoz^m&m* mmmuz 



5 

[0005] 

y$*%3 2% (1 9 9 3) ^1 5 2 8-1 5 3 3MJ 
(Jpn.J. Appl.Phys.Vol 32(1993) pp.1528-153 
3) . Z<D£t>*m£& ?>UXt\,T<ffi&im 

[0 0 0 6] tmttm;&<»xK:fi*i/*ji&&\z 

zvzztmm-s-G* 7 9 i^aggtcfs^nr 

l**. L#L#§8¥8-64 7 9 1^^<D05T'«:Si 

o 2 ^P^T^^*^^e>^^fe«?)^®K:¥S^ 

[0 0 0 7] 

Z>Z£K$>*. 
[0 0 0 8] S£«^©flS0>Btttt. ±l3x«^r 

[0009] *tz*m<DWDm\t. jjhw*^ 

■V^jfcRK J: m&ZtltzG a N#¥##BIJbKG a N 

jg) fef^tsxiucj:*;, fin^^imco^bns 

G a N##$ft&* mX\i G a N jM*gft983&K?) 
[0010] 

[MfcflRfcttfcfcfW *«93©I I i-v^ 

«t«i 1 1 -vmtGwmftzyy-tv hmz 
jMUe#&jfcM«. mrt*ft&m<?>i i i-v 

[ooii] 4fc*«w<z>i 1 1 -vmit^mmm 
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6 

muz* >)$&m.mmi>JMt. m^&m.^ 
mmtmtt*mmi&m**i i i-vm 

1 1 -vm^mm^yr^y hmnmiMfi 
mt*&&m&>i 1 1 -v#afc£E# 

* hmm®^v&m¥M<t*z>JM£. mm- 
m&zntzmizim&jzummtztzmtT 

[o o 1 2] s<b»c##TO>i 1 1 -vmtiswmfr 

6i 1 1 -vmGwmittmvmfo 
^m j pmmmomt^m^t^ 1 1 1 -vjfcft 

x * WKCfc n^^i^^^t 6 ^ t £#. 

[0 0 13] *m<D I I I -VM^Mlt 

1 1 1 - vffitGmm<*tm^*mm&tf& 
tm&t&tfL&mo) 1 1 1 -vmt&&m&m& 

[ooi4] ttc. ? m^mi<jw®m\z 
tm&m&\zfmtz 1 1 1 -vmtG&m&t® 

[0 0 15] *»E<DG a mmmm&mit. 
G a N*^#ttt^^^«a^S0^^ft6SK« 
&6VMiKf|^&]:lC^$nfcGaN^^(« 

dWMgfc. K(E^fI«»CG a N^^77t 

OGaN*iP»»fci:tt«lB7^^*m«:BV\ 

[0 0 16] *m<DG a N*^(WJB«BgOW^JW 



7 

tatzztzmtts. 
[o o 1 7 j ##f80G a m*mm&<?)m%m 
«. g a H&mw&m&miz. mG*mm 

IC. lilfBGaN^^mttCGaN^^«c^^ 
ESS, v^^tmfe|»it*jCSfcWt*i4:«:4* 

um^VGamm^m^^z^zt. $e» 

CtfFffiG a NMW a N#^#l/-if?&$ 
[0 0 1 8 ] *m®G a N&4^ft&ii. G a N*¥ 
£R &6VHttt[gBSfii:»cmdnfcGaN*^# 

e>j££LfcG a N^^(**^1"6^M^G a 

\zm&GaU^mm^k\z^)m,yr^y hm& 

to o 1 9] *««0G a N&*m&mim& mi 
<dg a N^MhtG a K&^mmk+ommm 

[0020] #&$©GaN*^#&m GaN# 
^(NUllCG a N#W<^>WBfc|ftT \,**Zt 
*mt*Z. * fctSEG a NJM^ttBLbCG a N# 
W{^jW&£$*U KlffiGaN*^(«K^e>^ 

[ 0 0 2 1 3 s e> KtasG a N&mm*\t* 

milt*. tulBGaN^^WGaN^^ftl/ 40 
[0022J 

[0 0 2 3] (m<D&JI®^flB) 

©mwico^T, 1 1 1 -vmismm&o)**** 

[0 0 2 4] tDfcfc. ^tm^ttttS^lCU 

fc&m*mm&<mr-&M t * i 1 1 -v« 50 
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*tf>?mUh5>f:/£U ^0>fctvx4l4CD#$ 
lil0nm^2A mg&T'& U , tfL&m 1 3 
V**l 4 0*h^>r &#0. lAin^e>10 
/img&fcLfc. (01 (a) ) . 
[0 0 2 5] ftlC tfLMm^ML I I I - Vffifc&to 

tm®#*zmv*tffi>mi 1 

rim**. &g#££bT^e>I I IMWI 
tftfkmi 3»CI I I-V^fc£4#^#l 5£jfc 
0SftftMttO. #*L<ttI I 

<mm^&&im^&K-*z>$im& cvpe : va 

por Phase Epitaxy ) T-mtfi* I I If&gCftlC£ 

m&m^*%®0tmitGmm& (mocvd: 

Metal Organic Vapor Phase Epitaxy) Srffi^Tfc 

[0026] iji-vmtGmmmstt- mm 
pgT-tivx^ 1 4±jciay»f. 3<d#t-j£ 
Mjumiy. j&fiffi&toi i i-vmt^mm 

1 1 -v^fc£&¥£#i 5©^^mi77ty h« 
3&w&s$n*«*:e> 6 5 O-Cfrfc 1 1 0 0rCD#£& 

ft. I I 11fflto>m&miAmfi*>20Q0 00 

mm*&vffimnm&<mm*m. mi 

(b) ) . 

[0 0 2 7] 3e>£x£**^*;wft£fetttt*J:. I 

01 i i-v8HtGWW*i $to?T*vlimt& 

m+* mi (c) > . 

[0 0 2 8] t<t>\ZJL\l**ri/*?A,tfl&t:mi&£s 1 

Ttvhm&mtmzti mi w ) , mtwz 
ii 1 1 1 -vmt^mmmi 

sm&ZttfT'ZZ mi (e) ) . 

[o o 2 9] mL±\z&*7m j pmmc>&* 

[0 0 3 0] *|Q6fi^fflK:j:6^ffiTH Sm^lC 
7-fev hcom^KIJ:Ui£ffi*^7-by hlC^oTii 



(6) 

9 

(oo3i) $$ic 1 1 ifflffl\z&mzm**&m 

[0 0 3 2] IIIfcfi^£«fcJRfcJBv*6W 
^mc^fi*^SA*fe«)^®«k:feWS iii- 

VM^W*1 50#&£tt*«>S£i:tfT'£*. 

[0033] mzammm *mim2t>m& 
cmmz^x, 1 1 i-ve^m^i^* 

[0034] 05 (a) ~ (b) *T*tt$&l©£ffi0>7g 
®<Z>01 (a) fri, (e) t^fcXgT'ftSJfUT^S 

fc^sw!*^?-*. mo>m0jmx-\t. 1 1 1- 

¥«{fcUfc£KU &20V*2£gm (05 (c) ) , 30 
fiftttfoTV^ (05 (d) ) . 

[0035] m<n$&wmx\L 01 (a) ts>h 

(e) <Dft$^*»y£*rfclC<MJ^LfcI I I 
[0 0 3 6] &1 <0$$&<Mm>$Wt&2<02&<?>& 

j«t*»6lctf»r»U, ai 2 o 3 , Si, Si 

C, Mg A I2 04, LiGa02 , ZnO%0>3& 40 
^(ft GaN, GaAIN, InGaN, InN, Ga 
A s X\tG a ?t$0) III- vmGfflmtototi&K 

[0 0 3 7] 4feHlfe6V\ttH5Tli4SIR«0*© 

K^ft»a^«^ffia«:^-r* I I I -VM 

V*B®5 (b) - (d) ©:/0«fcffoTt>B*W» 
«W&tl6. 50 
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[0 0 3 8] $6lC3^<^®T'ttVX*14tl/C 
[0039] (g30&£®£JH) *«^CD®3 

mi<r>^mm)^m2<D^&oyfmxmvtz. 
[0040] ^3©^j6©^^ $ i oymsmm> 

S:GaN^^»PPJfflbfcti<DT*&»J, ^tftfiff 
[0 04 1] ttC&lC GaN^^^^S^a^ 

[0 0 4 2] ftftftfiffiBfCftlsG a N^SflKDX*" 

1 1 iBascfttctf'J^A (G 

a) tmfrm (Hci) ©sis^ftnc^sft^u 
(Gaci) tvmm^yy^-T (nh 3 ) # 
x*m^zmvmm&^zwm& <vpe : v aP o 

r Pbase Epitaxy ) K^-f KVPEffi 

£ (MOCVD:Hetal Organic Vapor PhaseEpitax 
y) tm^Z. jfc&&mfc6 5 0"Ca>bl lOOTCT^f 

ir\ vmmmit^i i imm<ommznb^ 

m>*> 2 0 0 0 0 0{&£#£-r*Ui<fc V\ 
[0 0 4 3] GaN&^f^(DX^**^/W££ 

[0 0 4 4] x£**2/*/l<fftfifctfttt*£. GaN& 

v hflSiii:&&*6. S6»cxfcr**S/ir/W«*:tttt 
St, GaN*i|^CJ:y7r^h»i^«Wi* 

[004 5] G a Nt£W*ISB<D«^fflB&fetf>, 

&G a N^^^ttift^^^^ftK^^^fcoT^ 
5. ^0fc«)GaN*i|^^0xbr^>^^^5:^ 
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(0 0 4 6] ?m&mffl^±*x¥**i/*M&&fi 

- [0 0 4 7] Lfctf oTG a N#^#<^^&tt:7 
7*vh<»8&££*j\Z®}jfolzm!>tU GaN&¥ 

mztimm®iz77*»j hm*:%*z>Gax& 

[0 04 9] $e>JC m3<D^&0tf#ST'#e>ft*Ga 

¥^#bu:kg a u&*m<m*zimtz>ztT\ G 

a N*^«^0«1^0^Stt^&#^e^ tit 

[0 0 5 0] tfeGaN^^^GaN^W 
V77J7m&T<mt*iT^ 
fcG a N*W^«^^lCfe^«>|^Sffi^©@©^ 

[0 0 5 1 ] S e>JCG a N»WG a 
[0052] gSagg^ffiCSttftGaNA 

[0 0 5 3] $3<Z)^(^®0!^T'l;L GaN^ 

*tf£Lfc#tC, KGaN*WfWlfi»CT^^«:Jgrt 
[0 0 5 4] 360|^^JglCMV>£>V*#i:LT 

\m i o)%m<mim>^ z o^mmt m& 
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MCfe^iG a N^Mi: ItttG a N, Al 
GaN, I n G a N$#ifctf *>*l*#G a NtmWt 

[0 0 5 5] ttzGaH&¥mm&£LTfc GaN 
U-WG a L E D«)G a N#¥$#& 
J»W>telC F E T*H B TkZOrJUXKbmfl 

[0056] (#4 <j>$mmm i&mmi ogfe 

[0 0 5 7] *M®%ft8}gffili. GaN^M 

m*v**i'vfl'^zmLTGaN&!mimm 

[ 0 0 5 8 ] IN (DmmmX\tG a Nffl« 
0G a NA^fl*?* 1/tG a N&¥m&&m*Z 

[0 0 5 9] liDfttC S««ffiK:v^^€:^U 7 

&mmz&m&. atfiictt. GaN^«c« 

®^St^fe^«aCD|«fc6S«««±tCG a N&¥$# 

[0060] vx9&vaam*0BRtLztL-mi 

[006 1] ftKtf&M£lCttl,G a N&m&OXt: 
**i/*M8&ttfft. GaNft^m>8&mt. I 

i immizmois (ca) 2:%^ (hcd © 
»t&rt«rc*6«ffc^y9A (Gaci) tviam 

CT^XT (NH 3 ) ^tWV^/vf K9-f KVP 

Et&mtuw. Gmm<t&iffl&&& (movp 

E) fe)H»TtiJH\ 

[0062] GaNJM^i^^^/Mttll 

»J, fifcfifil«U(DGaN*W»»C»i^CDffi*fit»* 
[0 0 6 3] xtf**3f*Ajftjifc!fttt*2:. GaN^ 

GaN*W#»c*U7r-fevhflB63Wa«>a 

**u filial VMk&mzntzGam^mft 

[0064] fttCG a m*mtm±lCG a N&4MSft 

AbUML GammmsumftztitzmzMoc 
vD8flKc*vhu ffigoue. 4f*aut v/i i 

IitT\ n^GaNE niAlGaN^77hE n 
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SGaNWm 7>K-^InGaN£^^ 

mm%* p*£!A 1 GaNE pfiGaNMWf-f KJB, 
p*gA lGaN^7*; KM. P®GaNi3;/**hE$: 

SICtyhU m Si0 2 fc«fcl/GaN& 
*. 8ffiLfcGaN&¥$fcB&Dffl, 1-fc*>*>GaN& 

[ 0 0 6 6] &4 0>£*£©S2SlC «fc »J &T<#m<*§*> 
ft*. 

[0 0 6 7) ffll OlQ^JIBOxW^J/irMMT 
HfcftfcG a N^^TOhCG a N#¥$ttj&?*BS 

6xW*S/iriWttK^fttt3^T*, GaN* 
[0 0 6 8] SfelCGaN^^s^WWWGaNJM^ 20 

[0 0 6 9] tfeGaN^^TO^^GaN^ 
•flEU-lfOMtt. ea^PB*^ft^GaN*W# 

£g&tC<fc y G a N#*gtt U-if«3&©#ffi»S 9-ifi 

[0070] »4<o|Q B ^fflJl±gB©SW!»c|8 

[00713 fUH GaN^^(^xhf*^2/Y 

i emrammTft < • % 2 (Dmm 

[0 0 7 2] 3>bKGaN*^mbCGaN*¥& 

fctf, G a N^W^Cm V^ilGaN 40 
^4^#K0-ffiJ&BS^bfeftrcG a N&¥l3tt&*cD 

[0 0 7 3] GaN*^»JR^f,iag, v** 

sft^G a mm&mo%m(m%mm^<D 

T'&ftli fifiu V**CD|fc£*:tffc1\ GaN^ 
[0 0 74] $iblC*|^©^®JCfl§VN6*7^^i:LT 

tiff, ^fci&s-rsriitfT'S*. 50 



#§5¥l 0-3 1 2971 

14 

GaN, InGaNWffe>M^GaNm^ 

[0 0 7 5] ^GaN^^ltlt GaN 
HfW a N#L E D$0G a N*¥$#5B 

[0076] 

[0 0 7 7] (&10>£&0!D *«WOHJfiffiftCoV^ 

T, (0 0 0 1) ®f77>fr (Al 2 o 3 )&«1 
i±Kl tiiwm<D®m>G aNm Ztr*>bifiWti& 
#L£&KfcJ§V>fc. ^©GaNJgl 2£®KSi02 

1 4 fctffi^Sl 3£#8tLfc. 
mi 3fc«fctfV**14t;L *-ft-?ft5^mfc«fctf2* 

-2 0>*fflfcl,fc ( (01 (a) ) . 
[0078] JftAHKl3|ClU1-eGaN||l5B. 
I I imm&tVVJ* (Ga) ilfcflzKS? (HC1) 

©fi*&ft«rcft«aft^y *u (g a c i > t vwm 
nzyy^-y (nh 3 ) #x*A*t&svf K?<f K 
VPE&S:jg\r>fc. ££l 1 fc/vf K9-f K0>fifcR8S 
tC-fe V h U Tf^mT'^SS 1 0 0 0-CJC^-T 
*. JfcfifflW^LTfrk HCli£S&20cc/ 
$#T'#&U NH 3 ?££lOOOcc/'&#-C5#g 
S^-TSZltT'. tf&M^l 3{CGaNKl 50 {1 
- 1 0 1} 1fi*&fc*77'fey hffft«jftftd«fe (0 
1 (b) ) . 2 0£nfiftxif****JlM 

7^14t»«7rtvMttl6tJI 
aS-ttfc (HI (c) ) . 
[0079] xfcf5rd|F2/ir/wafi«:«W*ri:ICj:y7 
r** h«3ifc««>&* (01 (d) ) , m&Mt, 
5 fmtOOAV 2 0 0m mgS(Wffi^ffi«:^t 6 G 
aNIWStfe (01 (e) ) . GaNKl 5&J£ 

[ o o 8 o ] m i ©^m:iifi^«&fflHi'rajBft 
rtjwcjy, mm a -ion m^ttzyytv 

[0081] mm\zx m&i,td&&mmiz®*& 



(9) 
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[00 8 2] &l0mM£*vTmZtl1zGam 

i Bictt, vyrjrmi i t%*m*$mm 
«*wfttc^ft < . xmmt 1 06 cm2 ggr» 

[0 0 8 3] 4ggg0rejft£b&G a NKtt*!«tf#fc 

K'Pb<* £®JblCl/-* FET» fcJtfHBTfc^ 

[0 0 8 4] $^tc^77-<7^«i lmmtx-o 

Ttf&tZZLT. GaNjBU5*£Ktfflfcl/Cja» 

[0085] J&10>£teWTtt, GaN&tf>XfcT**2/ 
V/WttK/vf K5>f KVPE&£Mv*TJiaSLfctf, 
£$^<fc£#^&yt£ (MOCVD) feHwrfcfl 
«*3&J&^*>ft*. *fcAl 2 0 3 Sfil l*J§Vfc 
Si&fc ZnOM. SiC2£fc. LiGa0 2 

m Mg A 1 2 0 4 £^*MV*T*^fcS&£ 
##e>*l$. $6tCAl2 O3 S«ll±lCGaN& 20 

[0086] ttc^tl A tVTSiOz tm^tz 
tf£ftlC|8£tt*4j0T'tifc<, SiNx $<Dafi&tt 
BtCfcJ:t\ £CD3^T'liv**14 0><ig£:2Ami: 

mxm*>i\&. h^yso 1-20 
saww&fiKi-ioor?*^, rni^o^^e> 

[0 0 8 7] £fcGaN0x£**^W^CoV*T 
ifc^fctf, InGaNE AlGaNE InNR-G 
a PJB&$V*ttG a A sRfcXfcr**S/-Wl/jfcRl/C=b 

m*&x#fle>*i*. $e>»c&£**i 11-vm 

[0 0 8 8] (m2<D^S60g) *^C^2©^fifeWC 
ov*T. »lO*8Mi:RID<Hlt<WaLTSW3t 40 

[0 0 8 9] &Z0>mMT\t, m&thT. (0 0 0 
1) ffiSiCSSl 1±|C1 tim&M<DimO)A10A 
Ga 0 ,9 NK1 2fe*6fr&*^l,fcBfifcH^ 
fc. 3(DA1 0 .1 Gao.9 Nj&l 2&SICS i 0 2 

1 4 ^^ftmei sK&mi,tz m mm 

13, £J:tfTX*14l;L ietl^2/im, ££tfl 
l-100>£foJi:bfc ( (01 (a) ) . 50 



[0090] &m&l 3lCj££*SGaN&l 5fct 
I I I&gt***C#U$A (Ga) (HC1) 
0^£ri^&*£{b:#y$A (GaCl) £V®m 
mz7>*-7 (NH3 )^fc«v^/WWK 
VPEfcfcffi^fc. mi 1 fc/W K5>f h'<Dti&3m 

let y h u *3*gwrafcsag 1 0 0 ot:jc#at* 

6. fcfiM&tf^bTfrSu HCl?SS$:2 0cc/' 
fc#T*#£U N H3W&2 0 0 0c c/##? 5#@ 
OTtfatSXtT*, &&mi 3lCGaNfigl 50 {1 
- 1 0 1) W&ft67T*? (H 
1 (b) ) . 

[0 0 9 1] £*>IC 2 0^f^Sx^^r^M^: 
ftttW, ^^14 5:®^*TGaN©77i*y hfflk 
lStmZtt (HI (c) ) . 

[0 0 9 2] x****/*m&ZmZZ£\ZZV7 

hmz®#>&* (Hi (d) ) , m&M± 

5B3WD#£T'2 0 0MmSI®?S^®^t6G 
aNRfeMStfe (01 (e) ) . GaN&l h<m 

m> nh 3 #xkmis*tft>im*vmu a, 

[0 0 9 3] %20$Bm\Z£?Tmi8&ft&G&Nm 
S i Cm& 1 1 hCD^iF^^^S^$^ 

Ztltz. U^ti, /IKfi^fctfofcGaN&lCtt. *P& 
^S^>^<^RSmMtil06 cm2 g&T'£>o 

[0094] ^teWT'^LfeG a N^ti^Pfi*^ 
£*J>fc<, i©±fcl/— »f, FE1\ *3«fctfHBTfc£ 

[0 0 9 5] ttu SiC&fcl l£$fE3*:J:oTBfc 

[0096] m2<Z>$&WTfo GaNiiDl^^ 

^mmit^mjmm, cmocvd) fcAwctra 
lzmw. sim, znom ai 2 o 3 s 

LiGa0 2 m MgAl 2 0 4 Sfi^ 

$rfflv^r^i^<fc^^^^tie. $ e>ic s i cs« i 

«1 l±tCtl^v^^5:^LT=bJ:^. 

[0097] £fcV**14£LTSi0 2 Zm^tz 
tfZtl\zmite>*><DT-W*<. SiN x 
&T't,<fcVx. Z.09mm\*?X>7 1 4(0^1 0 

»wjMfcwe»n&. $e>^h^-Y^$:<i-ioo 
t^iic0^i^j< 1-12 o>r-t>j: < % xne>©^^ 
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[0098] tfztmzMil l±0mtLXAim. 
0. 1 (DA 1 G a N ZC>m&&W&<?>*)<?) 
T'Z<* ^CDKfcLT-ecDfifelCAlN. InGaN^ 

^m^x^mit^imm^iii. <*e>KGaNtf>x^ 

9**/ J rJU&&\Z'D^T&«tzfo InGaNR, Al 
GaNK. Inim G a PE&*WiG a A s&fcx 

[0099] <&30mm *mm3omw\z 

[0100] &3©£S60g*CW. £«fcl/r, (11 
1) W>MgAl 2 O4 &K21&;gV*fc. rcDSS 
2l3WCSi0 2 E2 3£j£AU 7*MJV*7 

74 -&t *xy hx^vjr-ev** 2 3 tf&mm, 

22K&mM~. A£^£2 2, *SJ:tf-7**2 3l±. 

z>. xV 1 ?47l5fa\t<i\-20>l5fatLt- ( (a 

2 (a) ) . 

[0101] G a N&tf>j££H V** 2 3±K#*^ 
<BGaN;W^*M*S©lcW-'Vf K5>f KVP 

(Ga) t%Atm (HC1) <D^£A8reJ&6&{fc 
#'J7A (GaCl) t. V%miZ7>*-T (NH 

3 ) #*£fflV>6. 

[0 10 2] *f, ^2 1£A£gKlCizy hU * 

i^^iw?) 1 0 0 ovmB.vfimx'fmmi' 

5 0 01C HCltftgfcO. 5cc/ 
mX-mU NH 3 a£S100 0cc/&#T5# 
SSWiXilT', J&SAJtfI«2 3ia&2Onro0 
tm0GaHXy7 7 B2 4m&i'Z (02 

(b) ) . 

[0 1 0 3] rOttfflT. NH3 #*$:#&Lfctf <b 1 

oooxxim-r*. ^SM*^i/T^e>, hci 

Wk*2 0cc/«ft?«fcL NH 3 $££1500 

cc/mxs&mmit*z£x\ Aim2 2® 

GaNAy77-/g2 4±lCGaN© (1-10 1}® 

*&U77-fe9hffl&2 5*Jftft3-£fc (02 

(c) ) . 

[0104] se>tc xW*^iW«ftlW, V* 
* 2 3 £g3*T'G a N&2 5©7rt y h$5££$Si 

ttlWlCtt. 5l«a®rt«2 0 0Ani8RflWfi 
Jfc«iiiWt6GaNR2 5fe«rita*fc (02 

(d) ). GaNK25tf»gA& NH 3 #7x£ftj£ 

ua#e>m«?»LAiasR.k uvuast. 

[0 10 5] m3©|Q6MtCJ:oT^$nfeGaNK 
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25jcti,MgAi 2 o 4 m2itm^m>m 

ICtt, mm&K'J>k<, 106 cm2 ggT&o 

[0 10 6] *&mV&Rl,fcG a NttliAK#$ft 
£<D±ICI/— ft FET, fc^tfHBTfc^ 

ft£f^$i**3fctfpJtBi:fcS. *fcMgAl 2 O4 
»2 1feW^fcJ:oTlft£+*ri:-C, GaNl 

[0107] ^3CD^M-Cii. GaNjfi®X^^> 
*A,ASlc/vf KM KVPEttfcHivcjKAUfctt 
£&^{t£m*Bfcg£ (MOCVD) fcflHTfcRJ 

&*3&£#$e>ft*. *fc&fe0rett, MgAi 2 o 4 

£&2 1 fcfttifett Sim ZnOUt, SiC 
gfo LlGa0 2 £«. Al 2 Os«Wffe«^T 

toma&gtfft&n*. $e>tcMgAi 2 o 4 21 

±lCfc&V** g£2 1±K:GaNIE£ 
*e>#&*WKAl/C*>*H. 
[0 10 8] SfcV**14i:l/CSi0 2 fcJBtife 

#3ftcfse>tt*fccraifc<, sin x ^^ojg&tt 

^7,^tfItt)5i^Zli:COT*t<E><@T**»ntfl^^ 
JBW&ft*. ^Ute^T'lis *hM7*£<l 1-2 

[0 10 9] *UMMT?UdM^Wt977ff 

[0 110] SfeC IQfefllT-tt, GaNflttW*^ 
^Jl/A&lCoVvC&^fctf, I nGaNE AlGaN 
InNR, GaPj& Ga AsJRfexW^ir/U 

1 - v^t-^ic^«)» lt t>m*mm*> 
n*. 

[oiii] <^4 ©gasw) *m<o%* <omm\z 

owt, 03, 04 fe^LTS^**. 031*8^1$ 
ICxe*^S/ir^fit6^fi««<W^SAjm H 

[0 112] mRVB. SffiilLT (0 0 0 1) ® 
©Al 2 O3 St54 1±JC1 Mrogg^K^^GaN 
K4 2S:*e»^i;«^«LfelBaSKS:fflv^. 
[0 1 13] i<0GaNJR4 2*ffitSiO 2 

■7^43 i:A^^«4 4 timm* 4 
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tt. 4 vmfD&WDMK (03 (a) ) . -m&3 tim 
(OBftm (03 (b) ) , KMh nmftomft 

(03 (c) ) 03^£fcsv**&*n-rnjgv> 

[01 14]^Lfc^^4 4IC^t6GaNK 

4 5*1 ii i&mfttcM;**;i/;tfU$A (TMG 

a) at^hU^^r/I/^-^A (TMA1) £V#3gC 

mr>*-7 (nh 3 ) #*£/8v>e£«&i5fte 

*6Jm>fcBg0T'£>S. &K4 1 ££&£^t£44& 

u*tf*> i o 5 ox:(D&&m\zfm*z. &mM# 

NH 3 i££5 0 00cc/##T*10#g 
S^t<53tT% tf£fIJ!£4 4lCGaNR4 5tD {1 

~ioi) mfrfi>**77*vhmzfmi<tt m 

4 (a) ) . 

[0 116] $e>C 3 0^g^Xt^^>*;i/#£ 
V**4 3£Se>£T*GaNJ|4 5<Z>77izy 
h*Si§*:$S£$1i:fe (04 (b) ) . 

[0 117] ^\Z**^)\s$&ZWti>Zt\Z^)G 
aN!4 507 7"fe^b«T^«*Wi* (04 

(c) ) , mtoMt. 1 2Hffi!<Z>J&£rc lOO^ing 
SOTS^®^t-eGaNK4 5^^$1*fc (0 
4 (d) ) . 

[0 118] 3@S<^K0^^«lC^UfeG aN 
tU V77J7M&4 lK*^*ffAoTV*fcV^i: 

[0119] *mmv&&\,tzGaiimtmwm 

[012 0] ZblzVyrJrgfc* l»^J:o 

[0 12 1] g4a>££HTa. GaNRflDiW^ 
^/WfcBlC/vf K5>T KVPEfcfcfflVvng&bfctf, 

Mmm\t^mjmm (mocvd) m^xm 
Kttmmbto. ttzAiz o 3 mazm* 

fctfi* Si&& ZnOiK, Si Cm LiGaO 
2 «kMgAl 2 0 4 &B$Z%^T*jm*M 

m#*§e>n*. <*e>tcAi 2 o 3 g«4 i±crjw> 

GaNR4 2lft^«jML^ ®K4 lJblCift 
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[0122] £fcv**4 3£LTSi0 2 £/8v>£ 
#3n£K6ft*fcOTttfc<. SiN x 3*&*8I&* 

[0123] i^GaN0Xtr^^J/-v;i^JCOV>T 
ifc^fcjft InGaNR. AlGaNR. InNR G 
a PR&6V>ttG a A sRfcxtf**$>*;W»l/Ct; 

[0 124] (050^^) *««©m5(D|Q6W»C 
OUT. 05£#fiaLT&E*S. 

[0 1 25] &«5 lKfct 1 Am0)R£CDGaNR5 
2tffi&2tltz (0 0 0 1) ®0^77-f7S«5 1fe 

[0 12 6] r0®«5 1^®JCSlO2 R&gft 

l©VX^5 3i:»l<D^i«54IC^U3fe. »1 . 
®Jftfim5 4. 10V** 5 3 Ix. *ft«L 

yjWWt <1 l-2 0>tLfc (05 (a) ) . 
[0 127] RiajftRm54lCjftft'f**16>Ga 
NR5 5H J^^#Jlhf^HCl I I&/gCBlC# 

u^a (Ga) tmam wen 

eiftfbVU^ (GaCl) i:VKm^KCT>^-T 
(NH 3 ) ^W^/WK^ KVPEttfcJBv* 

JRSWftTlftiaWlOOOrcMt*. 6 5 or© 

«»e>3S«5ifcNH3 ^swwc-re. ^ftffl 

«jWS3£1/C#&, HC1^10cc/WM 
U NH 3 &^4 000cc/4&*T'6 0#fSCDj&& 
T% ^l©^fe^T'I^Lfe010 (a) *>e> (e) <D 
JfcBXSfcgT, « 1 0>V* * 5 3 tiKMa 1 © 
GaNR5 5*Jgjft?* (05 (b) ) . ^lOGaN 
R5 5&M& NH 3 jllxMmNUlTWfU 

[0 12 8]&lC GaNR5 5_ttC|StfSi02 R 

«t«. -tWWDXh^-f^BIH; 2/xnu fc«fctf5 
*tmT*»J, Xh^^ttMRKl l-20>£Ufc 
(05 (c) ) . d(«fi5 1±lC Sft 3&10>IS£ 

«T?sw3tfeHi© (a) (e) <D&&mzm 

T, ^2CDv*?5 7£*Iib&^ £J:*15 0MroCD 
&20G a Njg5 8 €:««a*TOftbfc*ffi«:»fc 
(05 (d) ) . 

[0 12 9] jMl££20>GaNR5 8®*H&tfrE 

ttMHnuftTii*&$K. xm ios cm 2 # 

[0 13 0] R5«Mfi0rett. Ga'NIK)iW**y 
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^mmit^mmm (mocvd) ^m^xm 

&&mm*>tit>. *£Al2 0 3 £«51£;S^ 
fctf, Si&& ZnOg& SiCmt. LiGaO 

2 ^MgAi 2 o 4 g&&m^T*>mm 

mmttl*. <**>KA1 2 0 3 &«51_hlCGaN 
1\ 8RtCGaNR5 2fert*W, (Id^l©^ 
[0131] £fcV**53£l/CSi02 fcE^fc 

^xnicisp»n6tOT^<. siN x ^>$e^ 
A*-->yanfev^^fe«^fcjw. internet 

*B£t*. HM^X't^K ££GaN©xtr 
**S/-V^«filC-3^Tj*^fc3W. InGaNR Al 
GaNR* InNR G a PR&*HttG a A s&£x 

fijtst6 1 1 1 -vm^iz^mmtavx^m 

[0 13 2] *#mto&gBmT'ltG a N*0> III- 

[0133] GSeorngflD *mmeo>£MWK 

owe, H6S:#MLTSl^1--6. 06tt#$6EcOxtf 
**5/*^*M*GaNR0J«K:fflV\ S&CiCDG 
a N JRJiJCG a N#¥$# I/-* fcgfitt* JCg&M 

[0 13 4] 06*C5Vf&K6 lKli, l*ro<DRJ?(D 
GaNR6 2jW&ifc;*ftfc (0 0 0 1 ) ®®^77>f 7 
Sfi6 1 ftflvte. CK&gfce 13«CS i 0 2 R*7& 

tf»10T**6 3tt, ^n-fnS/inu £,fctf2*in 
0>*h5>f:flKi:L£. Xh^-ftimt. <1 1-2 
0>*«W(*&10*«WT3ftai/fc (06 (a) ) . 

[0135] mi0tftmm4K&&t*m<»GiL 

(Ga) tSW (HC1) <D%fo£&%K-& 

zmtmvk (Gaci) tv^mwtcrv^-y 

(NH 3 ) #XfcJ8H*/vf KVPESfcflU 
fc. aSK6 1 fc/vf K5-f K0«JaaSBJC-fey h u * 

sRsma-tfjafiaaiioooriciHa-r*. 6 5otc<*> 

#56j£LT*e>. HClgScS£4 0cc/&#T'#& 
U NH 3 tttlOOOcc/feft; j3J:tf£/7> 
(SiH4 ) S£g0. 0 1 cc/S^T'l 5 0#IStf> 

jawc, ma&memwzmi<o <a) **e> 

(e) 0>dtltEg*:«T, »10>v**6 3fettfcaA/ 
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5 (b) ) . 85l0GaNR6 5£j&«& NH 3 iS 

aNR65tt, ngT\ 1 X 1 O^cm^&jKD^^J 

[0 13 6] GaN5M s «#l/-?f*l5gW>fratC 
tt, ^tSbfeJiffc^^ffl^ai (MOVPE) £/§wrf£ 
KLfe. GaNR6 5fc?&8& MOCVDRWc-fe* 
h U *MTMl 0 5 oricim**. 6 

iDL£ 1 it m(Z)&£(Dn*&!G a 6 6» S i 5:S$D L 
feO. 4 /im(!D^S0nlA l().15Gao.85N£77 h 
JI6 7, SifctftflDLfcO. 1 *m®J?$<Dn^G aN 
3fc#-fKJ&6 8, 2. 5nm0jr$©T>K-^I n 
0.2G a O .8Nfi^-#F0i: 5 nmC0^$CD7> 
no.05Ga 0 .85N«8JB*&«i* 1 0 
F#8?SttE6 9* ^9%t/iJU (Mg) £ScODLfc2 
Onm<Dj?$0pMAlo.2Gao.8NS7O, Mg^ 
JlDLfcO. l*maWS0p9GaN3W4KV7U 
Mg£&&QL£Q. 4/imCD^$0pSAlo.l5Ga 
0.85N^5y KJS7 2, Mg£&&nLfc0. 5/imtf)J£ 
$ © p^G a N * hjg 7 3 £Ji#y&£ t U-if- 

mmzrmi>rc psw>GaN3>**ws7 3«»dt 

LfcfcK. HN3 ^WT»S**U #5 
£fe«fcyJft*Jffrf (06 (c) ) . 2. 5nraCD#$0> 
7> K-^I no.2Gao.8Nfi?#F^ 5 nmCO^S 
©7>K-^I no.05Gao.95N|$M^^e>^#Mia: 
^#^«HSHtB6 9H 7 8OT50fiflraK*Lfc. 

[0 13 7] ftKU I/— \?-fflkZm&LtzVyT4 7 
meifcmHK-feyhU *7r-f 7M6 1, G 

S102 V^6 3, fe«ktJfGaNR6 
5CD50/im»fStTGaNR6 5S:Sffla-&*. ^ffi 
bfeGaN^6 5®JCtt (Ti) -7/V^ (A 

1) 0n£tti74*JMU p^©GaN^73±JC 
tt-*;^ (Ni) (Au) 0pg@l§7 5$:jf&£ 
-T-6 (06 (d) ) . 
[0 13 8] 06JC^t U-VmX'& £»Cng$@ 

[0 13 9] *7747fcGaN*458K£tt*S 

[0140] rnc^u «iwttitt^iim 

V*GaNJ36 5*J5Kj»*63fc#T£6fc«k *7 
7^7SS J f>VX^tm$:^tT^G a N 6 5±fC^ 
filtUfeG a N^^(*© U-lfflBiK:fca»tt36:<- * 
£GaN/g6 5±©U-*f«»i'\SBBICJ:y^B»5 



23 

5-iBftJs«T«wj*«:»oT^«fc^ mat? 

[0141] *&mT'fc G a NA 6 5±tC U— !f- 
*K&g«LT*e>, *77-<7gfc5 1, GaNK6 

2, Si0 2 VX*6 3£$f®L£tt U-iM»Sfc 
f^t^JC"9-7r>f7^ffi6K GaN&6 2, Si 

o 2 vx* 6 3 m®LTmwj$mmfi>ti&. 

[0 14 2] it. *Hi6MT*ii, Vyr-irme 10 

K GaN^6 2, S i O2 V**6 3(Z>flf& 
tfGaN&6 5tf)-&£Sf®l,T, nMCDSS&J&fct 

[0 14 3] 

&m+ztx\ &&t* 1 1 1 -vmt&wmm 
01 1 1 -ymt^mmm^immzti)^ 

[an *mai n-vmt^mm^<m^m 30 

[02] AlGaNfc^jSaftfcMgAl 2 0 4 S 
UlC/vf KM KV P BttftJ§HT % g a NRfcJM 

[03] mwK*x**i/**!te**tf^&<m 

[04] mvmvL =m &C#g^©&£fiM 

ft&^mm&t&3M<mmT&&. 40 
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[06] *»teWS^^tmi^G a NRh 
ICG a N*^#l/-^-«t«^*l®DlSB«H 

11 

12 sffiagadnfe 1 1 1 -vmt^mmm 

13 I I I - VM^f^^^S^^ 

14 V** 

1 5 xfcf***/*/W£RLfcI I I -V&ft£%£# 

16 ill -V«HtWW#077-fe* MKS 

2 1 (0 0 0 1) I©f77-f7M 
22 GaNK 

2 3 V** 

2 5 xW*5,*/W*fiLfcGaNflt 

3 1 (lll)®0MgAl 2 O4 £tS 

3 2 1/imCDGaNR. £fcliAlGaN]& 

3 2 £&±lZJ&&2tltz&&im 

3 3 Sfefc(C^tUfcSi02 &£>V** 

3 4 xbf* *S/-V LfeG a N/ty 7 7Jf 

3 5 ;W KM KV P Etttjftftl&G a NR 

4 3 

4 4 J&ftfflg 

5 1 (0 0 0 1) SiW7>f7lS 
5 3 ^10^^ 

54 

55 &l®GaNjg 

5 6 S&2©fifcgtfg£ 

5 7 ^2<DV^^ 
58 f$2<DG a N^f 

6 5 n^GaNI 
6 6 nMGaNJf 

6 7 nSA lo.l5Gao.85N^^^ 

6 8 nSGaNft#<f KJI 

6 9 io m(D£m*#p$mmm 

7 0 pSAlo. 2 Gao.8N^ 
7 1 pgGaNfttf-fKJS 

7 2 pMA lo,15Gao.85N^5y h/f 

73 p2GaNa:/**WI 

74 Ti-Al©n§?®g 

75 Ni-AuCDp^@f§ 



(14) 
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